a Objectives: To estimate HIV-1 prevalence among women attending an antenatal clinic in the Gulu District (North Uganda) and, based on these data, among the district's female population.
Introduction
The necessary resources for conducting incidence studies are not often available. To monitor the course of the HIV-1 epidemic among women of reproductive age and to evaluate the effect of preventive interventions, the surveillance of HIV-1 prevalence among pregnant women attending antenatal clinics is com-monly used. Although the trend of HIV-1 prevalence does not provide a completely accurate description of the dynamics of the infection [1] , it remains an important indicator for planning public health activities.
Differences between pregnant and non-pregnant women in terms of social and behavioural factors related to HIV-1 infection could bias the estimates of the general prevalence based on antenatal clinic data [2] . Studies conducted in Uganda have shown lower fertility rates among HIV-1-positive women in comparison with HIV-1-negative women [3, 4] , suggesting that HIV-1 prevalence derived from an antenatal clinic surveillance system may underestimate the infection in the general female population of reproductive age.
The objectives of the present study were to evaluate the trend of HIV-1 prevalence among women attending an antenatal clinic in a rural district of North Uganda, an area affected by civil strife and where information on HIV-1 is scarce, and to estimate HIV-1 prevalence among the general female population of reproductive age, using the antenatal clinic data and information on differences in fertility rates between HIV-1-positive and HIV-1-negative women [2, 5] .
Methods
During the period from January 1993 to December 1997, a total of 8627 women aged 15±49 years and living in the Gulu District were anonymously screened for HIV-1 infection at the antenatal clinic of St. Mary's Hospital Lacor in the framework of the Ugandan serosurveillance system. The hospital has 446 beds and is located in the Gulu District, a rural area of North Uganda bordering on Sudan and inhabited by approximately 340 000 persons, 11.3% of whom live in the main town, known as the Gulu Municipality [6] .
Since there were relatively few antenatal clinic attendees over 39 years of age (n 72), they were excluded from the analysis, in that the 35±49 years age group would have been skewed toward the lower ages and thus mostly represented by women aged 35±39 years.
Basic socio-demographic information, such as age, tribe, and area of residence, was collected from the antenatal clinic register. The presence of HIV-1 infection was anonymously detected, using an enzymelinked immunosorbent assay (ELISA), on the sera routinely collected for laboratory examinations during the ®rst visit to the antenatal clinic. Due to commercial availability, different types of ELISA kits were used during the study period and, in some years, the number of tested women was reduced because of their availability.
Since there were no data available on fertility rates by HIV-1 serostatus for the Gulu District, data on agespeci®c fertility rates among HIV-1-positive and HIV-1-negative women living in a rural subcounty of the Masaka District (South-West Uganda) during the period 1990±1996 were considered when estimating the prevalence of the infection in the general female population aged 15±39 years in the study area [4] .
Statistical analysis
HIV-1 prevalence rates were estimated and exact binomial 95% con®dence intervals (CI) were calculated for antenatal clinic women. The statistical signi®cance of the change in prevalence over time was evaluated using the ÷ 2 for linear trend test; in addition the ÷ 2 test was used for evaluating associations between HIV-1 infection and other categorical variables. Potential risk factors independently associated with HIV-1 infection were evaluated using a log-binomial regression model, which included year tested, age-class, and area of residence (i.e., Gulu Municipality and the remaining areas of the Gulu District) as covariates [7] ; the adjusted prevalence proportions ratios (PPR) with their 95% CI were used to describe the strength of the associations.
For calculating the prevalence of HIV-1 infection among the Gulu District's general female population aged 15±39 years (P GFP ), we used the prevalence rates by age and area of residence among women attending the antenatal clinic and living in the Gulu District (P ANC ), the relative distribution by age and area of residence of the district's female population aged 15± 39 years, as reported in the 1991 Ugandan Census (F CEN ), and the estimated age-speci®c fertility rates among HIV-1-positive (FR HIV ) and HIV-1-negative (FR HIVÀ ) women living in a rural subcounty of the Masaka District. The P GFP was calculated by multiplying, for each age-residence stratum, F CEN by the prevalence in the general female population (prevalence estimated adjusting P ANC for different fertility rates by HIV-1 serostatus, as described by Boisson et al. [2] ) and then summing these products:
The above formula could be simpli®ed to read as follows:
where FR GFP indicates the age speci®c fertility rates among the general female population aged 15±39 years.
To increase the precision of the estimated P GFP , the years 1993 and 1994 were combined, as were the years 1996 and 1997, because of the low number of cases observed in some age±residence strata in the single years tested.
All of the analyses were performed using the SPSS [8] and STATA [9] statistical packages.
Results
Prevalence (Table  1) .
When analysing HIV-1 prevalence by age group, a statistically signi®cant linear decrease over time (P , 0.001) was found for the youngest three age groups (women less than 30 years of age), with the only exception observed for women aged 25±29 years living in the Gulu Municipality. No signi®cant change over time was observed for women aged 30±39 years. The age group with the overall highest prevalence was the 20±24-years-old group in 1993 and the 25±29-years-old group in the other years considered, except for 1996, when the 30±34-years-old group had the highest prevalence.
When analysing HIV-1 prevalence by area of residence, a statistically signi®cant linear decrease over time was observed both among women living in the Gulu Municipality (P , 0.001) and among those living in other areas of the Gulu District (P , 0.001). The estimated overall prevalence for the period 1993±1997 signi®cantly differed (P , 0.001) by area of residence: 23.1% (95% CI, 21.6±24.6%) for the Gulu Municipality and 14.9% (95% CI, 14.0±15.9%) for other areas in the Gulu District (Table 2 ). These differences were also signi®cant when analysing the data separately for each year tested. To control for potential confounding effects when comparing prevalence rates, a log-binomial regression model was run to identify the risk factors independently associated with HIV-1 infection (Table 2) : all the considered variables were found to be signi®cantly associated with the infection. The adjusted PPRs per year tested showed that the risk of being HIV-1 infected signi®cantly decreased from 1993 to 1995, and then slightly increased in 1997, con®rming the results obtained in the univariate analysis. Independently of the year tested and the area of residence, nearly all of the age groups had a higher risk than the reference category of women aged 19 years or less. The only exception was the oldest age group (35±39 years), for whom the risk appeared to be not signi®cantly different from that of the reference category. Finally, the adjusted PPRs con®rmed that the women living in the Gulu Municipality had a higher risk of being HIV-1 infected than those living in other areas of the Gulu District (PPR 1.54; 95% CI, 1.40±1.68), independently of the year tested and of the age distribution of the women in the two areas.
Similar results were obtained when running the model separately for each year tested. The interaction between age and area of residence, initially included in the model, was found to be not signi®cantly associated with HIV-1 infection and was thus not included in the ®nal model presented here.
Adjusted HIV-1 prevalence for the general female population aged 15±39 years The overall HIV-1 prevalence rates in the general female population aged 15±39 years were directly standardized for age and area of residence, assuming the age-residence distribution of females reported in the 1991 Ugandan census as standard (Table 3) .
Among the subpopulation of the Masaka District, the relative risk of fertility was 1.2 to 2.3 times higher for HIV-1-negative women, compared with HIV-1-positive women, for all age groups, with the exception of the 15±19 years age group. For the 15±19 years age group, HIV-1-positive women had a higher fertility rate than HIV-1-negative women. As a consequence, when the antenatal clinic data were extrapolated to the general female population, a marked increase in HIV-1 prevalence from the 15±19 years to the 20±24 years age group was observed in our study area. The overall age-residence standardized HIV-1 prevalence was estimated to have decreased from 25.4% in the period 1993±1994 to 17.8% in the period 1996±1997 (from 30.4 to 24.5% in the Gulu Municipality and from 24.6 to 16.7% in other areas of Gulu District).
The overall age±residence standardized HIV-1 prevalence among the general female population was approximately 1.22 and 1.28 times higher in the periods 1993± 1994 and 1996±1997, respectively, compared with that among antenatal clinic attendees aged 15±39 years.
Discussion
Using the trend of HIV-1 prevalence among pregnant women for monitoring the epidemic could lead to inaccurate conclusions. Differences in mortality, fertility, migration, and other HIV-1-related factors between HIV-1-positive and HIV-1-negative women could obscure a high incidence in the presence of a stable or decreasing prevalence [1, 10] . However, the temporal trend of HIV-1 prevalence can provide useful indications on the dynamics of the infection when restrictive assumptions on these HIV-1-related factors in the reference population can be made [10±14].
In our study, the trend of decrease in HIV-1 prevalence appears to be consistent with data from other population groups of the study area, such as secondaryschool students (HIV-1 prevalence declined from 2.0% in 1994 to 0.8% in 1998), and with data reported in other antenatal clinics of Uganda (HIV-1 prevalence declined from 26.6% in 1993 to 14.6% in 1997 among antenatal clinic attendees at Nsambya Hospital in Uganda's capital, Kampala) [15, 16] . Moreover, HIV-1 prevalence was found to be very high, and it was similar to that observed in Kampala [17] . The general decrease seemed to be mainly due to the decreasing prevalence observed in the younger age groups until 1995. Assuming that the differences in mortality, fertility, and migration between HIV-1-positive and HIV-1-negative women were negligible for the younger age groups [18, 19] , this decrease could re¯ect a decreasing incidence among these young women [11, 20] . HIV-1 prevalence appeared to be higher and more stable over time among women aged 25±34 years with respect to younger women, whereas the lowest prevalence was observed among those aged 35±39 years, when the effect of AIDS-related mortality probably becomes more consistent. This picture is consistent with the beginning of the mature stage of the epidemic in Uganda [21] .
Women living in the Gulu Municipality were found to have a higher risk of HIV-1 than those living in rural areas of the Gulu District, con®rming the results of other studies conducted in Uganda [22, 23] . However, a signi®cant decrease in HIV-1 prevalence was observed over time for both groups, suggesting that there are no geographic differences in the dynamics of the infection.
It is unlikely that the overall decrease in HIV-1 prevalence among antenatal clinic attendees observed between 1994 and 1995 can be totally explained by changes in incidence and differences in mortality and fertility by HIV-1 serostatus. In fact, assuming a null incidence in the 1994±1995 period and that the differences in mortality and fertility rates between HIV-1-negative and HIV-1-positive women aged 15± 39 years are equal to those estimated in the Masaka District (personal communication, [4] ), the observed decrease in prevalence is higher than expected [10] . a Estimated relative risks of fertility for HIV-1-positive versus HIV-1-negative women living in a rural subcounty of the Masaka District, Uganda [4] . b Relative distribution by age group and area of residence of the general female population aged 15±39 years in the Gulu District [6] . c The overall HIV-1 adjusted prevalence for the general female population aged 15±39 years of the Gulu District (P GFP ) was calculated by multiplying, for each age-residence stratum, F CEN by the prevalence in the general female population (prevalence estimated adjusting P ANC for different fertility rates by HIV-1 serostatus, as described by Boisson et al. [2] ) and then summing these products: Another factor potentially contributing to the observed decrease was the fact that, due to commercial availability, different types of ELISA kits were used to detect HIV-1 during the study period, possibly accounting for an increased test speci®city and a consequent biased reduction in prevalence, especially considering the greater variations in the speci®city of ELISA kits when used on African sera [24] .
No differences with respect to age structure or area of residence were observed among the antenatal clinic attendees among the years tested, and there were no changes in testing policy during the study period, although the number of women tested was sometimes randomly reduced because of the availability of HIV-1 ELISA kits. Finally, the turnover of the laboratory personnel, supervisors, and data-entry clerks was limited and was unlikely to have caused major biases.
The importance of addressing differences in fertility by HIV-1 serostatus was con®rmed by the ®nding that, in the periods 1993±1994 and 1996±1997, the ageresidence standardized HIV-1 prevalence among the general female population aged 15±39 years was, respectively, 1.22 and 1.28 times greater than that observed among pregnant women.
Using data on the level of fertility of HIV-1-positive and HIV-1-negative women in a rural subcounty of the Masaka District for estimating the HIV-1 prevalence among the Gulu District's general female population aged 15±39 years could have introduced a bias in our estimates if these data are not similar to those for women in our study area. With respect to our study population, pregnant women in the reference area, located in south-western Uganda, showed lower HIV-1 prevalence (9.5% in the overall period 1990±1996, compared with 17.8% in the period 1993±1997 for our study population) and lower total fertility rate (TFR; TFR 6.1 in 1996 compared with TFR 6.7 in 1997 in our study area; unpublished data).
Despite these differences, we were not able to determine whether the estimated relative risks of fertility of HIV-1-positive women versus HIV-1-negative women living in the Masaka District were similar to those of our study population, although a recent review of different studies on fertility by HIV-1 serostatus suggests that these relative risks tend to be lower in populations with higher HIV-1 prevalence [19] . However, data from other areas of Uganda and Africa have shown similar patterns of differences in fertility by age group, suggesting a substantial geographical homogeneity [19, 25] .
Another possible bias could be due to the fact that we assumed no differences between rural and urban areas in the relative risks of fertility (HIV-1-positive versus HIV-1-negative women), given that no reference data were available for urban areas. All of the women belonging to the reference population lived in rural areas, compared with 86.1% of the women aged 15±39 years in the Gulu District [4, 6] . Thus, the HIV-1 prevalence among the general female population of the Gulu Municipality could represent an underestimate if the relative risk of fertility is lower in urban areas (relatively high prevalence with respect to rural areas) [19] .
Finally, a bias in the time-trend analysis could be due to the implicit assumption that the relative risks of fertility remained constant over time, whereas it could be possible that the overall and age-speci®c relative risks of fertility changed during the study period, as a consequence of changes in behavioural and biological factors in¯uencing the association between HIV-1 infection and fertility (e.g., increasing age at start of sexual activity, increasing use of condoms and decreasing breast-feeding among HIV-1-positive women, and increasing treatment of sexually transmitted diseases other than HIV-1). The effects of these changes are not the same, and they could affect the relative risks of fertility in different ways, toward an increase or a decrease [19] .
However, the prevalence rates estimated for the general female population aged 15±39 years of the Gulu District were consistent with those of other areas of Uganda with similar HIV-1 prevalence among pregnant women [3, 26] , partially validating the obtained results and the assumed representativeness of the relative risks of fertility from the Masaka District used in this analysis.
The distribution of the age-speci®c prevalence rates indicates that young girls, who are just beginning to become sexually active and for whom changes in prevalence more closely re¯ect incidence, are at a high risk of becoming infected.
The slight increase in HIV-1 prevalence observed in 1997 could be indirectly due to the increased civil strife. In fact, conditions of insecurity have resulted in a dramatic reduction, especially for rural areas, in all activities for health education and prevention. Furthermore, the fact that many people live in protected camps as a result of population displacement may have contributed to increasing the risk of HIV-1 infection [27] .
In conclusion, the overall reduction in HIV-1 prevalence in the period 1993±1997 could be related to many factors, such as incidence, mortality, and migration. However, assuming that the effect of mortality and migration is negligible among young pregnant women, this downward trend could be partially inter-preted, as suggested in recent studies [26] , in terms of a reduction in risk behaviour and a consequent reduction in incidence, possibly in part due to prevention and control measures.
Finally, when extrapolating HIV-1 prevalence data from antenatal clinic attendees to the general female population of reproductive age, different fertility rates between HIV-1-positive and HIV-1-negative women should be taken into account to avoid underestimating the HIV-1 prevalence among this sub-group of the population.
